An 8-year-old Hungarian warmblood gelding used for show jumping was evaluated because of poor performance and chronic weight loss. On admission, oral and gastroesophageal ulcerations and malabsorption were detected. Results of thoracic radiography, ultrasonography, bronchoalveolar lavage cytology, and positive polymerase chain reaction for equine herpesvirus 5 raised the possible diagnosis of equine multinodular pulmonary fibrosis. However, abdominal ultrasonography revealed inhomogeneous spleen with many different sized well-demarcated hypoechoic areas, which suggested further differential diagnoses such as tuberculosis, neoplasias, immune mediated diseases, systemic granulomatous disease (SGD), or toxicoses. The horse was euthanized at the owner's request because of the poor condition and possible grave prognosis. Histopathology findings were characteristic of SGD, which is a rare disorder of horses characterized by skin lesions, weight loss, and granulomatous inflammation of multiple organ systems. The lack of skin lesions in this case is an unusual finding. Systemic granulomatous disease is hypothesized to be induced by multiple conventional antigens that are not cleared from affected tissues. Equine herpesvirus 5 might have triggered the granulomatous reactions in this particular case.
Introduction
Systemic granulomatous disease (SGD) is a rare disorder of horses characterized by skin lesions, weight loss, and granulomatous inflammation of multiple organ systems [1] [2] [3] . Previously, the disorder was known as equine sarcoidosis because it resembles the systemic noncaseating granulomatous disease, sarcoidosis, seen in humans. Equine sarcoidosis is divided according to several aspects. Based on the extension of the disease "generalized", "partially generalized" and "localized" forms are distinguished [4] . Other classification specify the following forms: (1) the scaling and crusting form; (2) the nodular form; and (3) the localized form, in which hyperkeratotic, crusted, alopecic plaques mainly affect the limbs in a systemically healthy horse [3, 5] . Concurrent with the first two forms, granulomatous inflammation of one or more internal organs can occur, giving rise to the additional clinical signs of weight loss, inappetence, and low-grade fever. In human sarcoidosis, the lungs are most commonly affected; in horses, previously described cases mainly presented with dermal lesions, although there are two equine cases described in the literature without any skin involvement [2, 6] . Although the etiology is uncertain in humans, sarcoidosis is thought to be an exaggerated T helper 1 (Th1) lymphocyte immune response to a persistent antigenic stimulus in the affected organs [1, 5] , and a genetic component has also been identified [2, 7, 8] . A T-cell-mediated immune response is also suspected in horses [5, 7] . In the following case, the diagnosis was established postmortem. The signs were unusual for equine sarcoidosis, 21 22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49   50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66  67  68  69  70  71  72  73  74  75  76  77  78  79  80  81  82  83  84  85  86  87  88  89  90  91  92  93  94  95  96  97  98  99 because there were no skin lesions despite of the widespread internal generalized granulomatosis. Thoracic ultrasonographic and radiographic examination together with the broncholaveolar cytologic findings and positive EHV-5 polymerase chain reaction (PCR) complicated the establishment of the final diagnosis because of suggesting the likelihood of equine multinodular pulmonary fibrosis (EMPF).
Case Description

History
An 8-year-old Hungarian warmblood gelding used for show jumping was admitted to the Large-Animal Clinic of Szent Istvan University for diagnosis of poor performance and chronic weight loss for the preceding 2 years. Before Q 3 six months, the horse had exhibited a staphylococcal dermatitis in the right hock region, which was treated with acupuncture by the referring vet. One month previously, ulcers were detected in the mouth of the animal. The horse was regularly dewormed and vaccinated against equine influenza, herpesvirus, West Nile virus, and tetanus.
Clinical Examination
On admission, the animal had excellent appetite but was in poor body condition with a body weight of 550 kg (2 of 9 according to Henneke et al [9] ). On initial examination, the gelding was bright and alert and had a resting pulse rate of 44 per minute, respiratory rate of 20 breaths per minute, and body temperature of 38.0 C. The skin and hooves were intact, but inspection of the oral cavity revealed deep ulcers of 0.5-3 cm in diameter on the mucus membranes of the lips and sides of the tongue (Fig. 1 ). Moderately enlarged nonpainful lymph nodes were palpable. The horse also displayed bilateral serous nasal discharge, moderate dyspnea, and mild wheezes on auscultation of the right ventral thoracic area. There were no other remarkable findings on physical examination.
Laboratory Findings
Complete blood cell count revealed anemia (red blood cell count: 4.81 Â 10 12 cells/L Q 4 , reference range [rr]: 6.0-10.4 Â 10 12 cells/L; hematocrit: 22%, rr: 27%-43%) and neutrophilia with a right shift (10 Â 10 9 cells/L, rr: 2.9-8.5 Â 10 9 cells/L). Increased fibrinogen (5.28 g/L, rr: 1.0-4.0 g/L) and globulin (58 g/L, rr: 26-40 g/L) levels, decreased albumin level (17 g/L, rr: 26-41 g/L), and increased lactate dehydrogenase activity (734.6 IU/L, rr: 112-456 IU/L) were measured [10] . Further laboratory tests revealed partial malabsorption (137% and 132% on repeated glucose absorption test), negative antinuclear antibody test, and increased a 1 , b 2 , and g fractions on electrophoresis.
Further Diagnostic Procedures
Esophageal and gastric ulcerations (grade 3, according to the Equine Gastric Ulcer Council consensus [9] ) were found on gastroscopy. Abdominal ultrasonographic examination showed a normal amount of free abdominal fluid and normal intestinal movements and wall thickness. The spleen was found to be normal in size but inhomogeneous with multiple well-demarcated hypoechoic areas of various sizes and blurred hyperechogenic areas ( Fig. 2A and B ). Abdominocentesis yielded an increased amount of clear light-yellow fluid with a protein content of 1.3 g/dL (rr: <2.5), white blood cell count of 1.05 Â 10 9 cells/L (rr: <5 Â 10 9 cells/L), and unremarkable cytology [10] . Respiratory tract endoscopy revealed scant whitish mucus in the trachea and a blunted carina. Thoracic ultrasonographic examination revealed diffuse comet-tail echoes and small subpleural hypoechoic regions on both sides together with a mildly increased amount of anechoic fluid (Fig. 2C ). There was a moderate mixed nodular-interstitial pattern together with a diffuse bronchial pattern on thoracic radiographs. Tracheal lavage cytology showed mucopurulent inflammation, and Streptococcus zooepidemicus was cultured. Bronchoalveolar lavage (BAL) sampling was performed with the following results: neutrophilia (57%) and moderate hemosiderophagia. No microorganisms were observed. Polymerase chain reaction for equine herpesvirus 5 (EHV-5) yielded a positive result, and PCR for mycoplasma and Ziehl-Neelsen stain for mycobacteria was negative. Histopathological examination of biopsy samples of abnormal mucus membrane in the oral cavity revealed superficial ulcerative stomatitis, hyperplastic epithelium with circumscribed necrosis and neutrophil infiltration and areas of spongiosis, and lymphoplasmocytic perivasculitis.
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On the basis of the findings of oral and gastroesophageal ulcerations and malabsorption, and the results of splenic ultrasonography, the differential diagnoses were established as follows: tuberculosis; neoplasias, for example lymphoma; immune-mediated diseases, for example systemic lupus erythematosus; multisystemic eosinophilic epitheliotropic disease; and SGD; and toxicoses, for example hairy vetch, arsenic, aluminum, iodine, and silicon. Primary or concurrent EMPF was suspected because of pulmonary involvement with positive EHV-5 PCR and severe weight loss.
The horse was euthanized at the owner's request because of the poor condition and possible grave prognosis.
Gross Pathology
Necropsy revealed markedly swollen and firm lymph nodes generally, with moderately moist cut surface and diminished structure. There were multiple, different sized, whitish-gray nodules in the spleen ranging from few mm to 5 cm in diameter. The centers of the larger nodules were sunken (Fig. 3A ). Similar but smaller whitish-gray nodules were also visible on the surface of the liver and lungs ( Fig. 3B ). Ulcerations could be found in the oral cavity, esophagus, and stomach. In the femoral bones, the normal bone marrow architecture was focally damaged and displaced by a greyish-white tissue mass ( Fig. 3C ).
Histopathology and Electron Microscopy
For routine histopathology, samples from mesenteric lymph nodes, spleen, liver, lungs, and bone marrow were fixed in 10% neutral buffered formalin and were subsequently embedded in paraffin using an automatic tissue processor (Shandon Citadel 2000; Thermo Q 5 Scientific). Bone marrow samples were briefly decalcified before processing in Shandon TBD-2 Decalcifier solution (Thermo Scientific).
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Routine histopathology revealed the presence of random, confluent, unencapsulated foci of nonnecrotizing granulomas distributed in the splenic parenchyma. In the centers of these granulomas, Langhans-and foreign-bodytype giant cells were surrounded by macrophages, epitheloid macrophages, and lymphocytes (Fig. 4A) . In some places the inflammatory cells infiltrated the splenic capsule as well. Lymph nodes showed multifocal to diffuse histiocytic proliferation (Fig. 4B) . Liver, lungs, and bone marrow samples contained granulomatous lesions similar to those described in the spleen. Infectious agents could not be detected by Ziehl-Neelsen, Grocott, or Giemsa stains, and by periodic acid-Schiff reaction of tissue sections from the organs previously mentioned.
Examination of semi-and ultrathin sections did not reveal the presence of intracellular organisms in the lymph node and splenic tissue samples studied.
Bacteriology
Routine aerobic and anaerobic bacteriological culture of the splenic nodules and mesenteric lymph nodes yielded no bacterial growth.
Discussion
The presented case was not usual for SGD. The horse did not show any skin lesion, the most typical sign of SGD. However, other extraordinary findings could be noticed, such as the significant spleen and bone marrow involvement, severe oral and esophageal ulceration, and the confusing diagnostic imaging findings of the lungs with the positive EHV-5 PCR from the BAL sample.
Most reports on SGD describe no age, breed, or gender predilection. Our patient was a gelding; in a single study, geldings were clearly overrepresented [5] . Systemic granulomatous disease has not previously been identified in a Hungarian warmblood.
Although the horse had excellent appetite, it showed chronic weight loss that had accelerated in the last month. Other authors also describe wasting despite high-energy intake, possibly as a result of granulomatous inflammation of the gastrointestinal tract with subsequent malabsorption [5] . This is the first SGD case where malabsorption was clearly demonstrated with repeated glucose absorption tests. Ulcerations of the oral cavity, esophagus, and gastrointestinal tract could have explained the clinical findings, but further underlying causes had to be excluded, such as endoparasitosis, chronic bacterial infections, intestinal neoplasias, other infiltrative bowel diseases, congestive heart failure, and tuberculosis. Ulceration of the mucocutaneous junctions and tongue was also a feature of a previously described SGD case [6] . Ulceration of the gastrointestinal tract characterizes granulomatous enteritis as well, where histopathological changes are similar to those in SGD [12] . In generalized sarcoidosis, gastrointestinal involvement suggests a poor prognosis [5] .
A similar presentation of oral and esophageal ulcerations was detected in a foal in which EHV-2 was the suspected cause [13] and in a horse in which EHV-5 was found to be associated with EMPF [14] . A previous report described a case of granulomatous skin disease displaying electron microscopic and PCR findings consistent with EHV-2 [15] . Although we did not test our oral and gastrointestinal specimens for the presence of gammaherpesvirus, positive EHV-5 PCR on BAL specimens proved the pulmonary presence of the virus, which possibly could emerge in all other tissues. Chronic weight loss is also one of the typical clinical signs in EMPF caused by EHV-5 [16] .
On hematology, characteristic findings of SGD are chronic inflammatory changes of right shift, anemia, and increased fibrinogen and globulin levels [1, 3, 5] . The right shift and nonregenerative anemia in our case might also have been caused by bone marrow involvementdthe bone marrow was largely obliterated by granulomatous inflammation. The spleen is a common site of extramedullary hematopoiesis when blood cell formation in the bone marrow is inadequate, and this was reflected in the biopsy sample results of the spleen. None of the spleen or rectal biopsy samples was representative of the final SGD diagnosis. Rectal biopsy samples have been reported to reflect intestinal pathology in only 50% of cases [17] . Spleen biopsies are also of limited value if there are focal pathologic changes. Lymphoma or granuloma was suspected from spleen ultrasonographic findings [18] . Systemic granulomatous disease rarely affects the spleen, but mycobacteria have an affinity for the lymphatic system, spleen, liver, and lung [19, 20] . Mycobacteria were recently demonstrated with PCR in a severe case of SGD where, interestingly, Ziehl-Neelsen staining was negative for the pathogen [21] . Mycobacteria also have been described to cause chronic oral ulceration [19] . We attempted to demonstrate mycobacterial infection on histopathologic samples with special staining, PCR, and electron microscopy but obtained negative results. Histopathology of granulomas in mycobacterial infections and SGD are similar, and tuberculosis can be differentiated from the latter on the basis of the presence or absence of the organism and additional granulation tissue. Lymphohistiocytic infiltration, macrophages, and typical Langhans-type multinucleated giant cells characterize both diseases.
Diagnostic imaging findings of the lungs and results of BAL cytology together with the positive EHV-5 PCR elicited a possible diagnosis of primary or concurrent EMPF or some other causative or contributing role of chronic herpesvirus infection. Although it is very likely that with the histologic evaluation of a lung biopsy sample, a definite diagnosis would have been established antemortem and EMPF could have been excluded.
Equine herpesvirus 5 belongs to the gammaherpesvirinae subfamily, together with EHV-2 and human Epstein-Barr virus (EBV). The gammaherpes viral genes are capable of modulating cellular signals such that cell proliferation and viral replication occur at the appropriate times in the viral life cycle [22] . Regular EHV-5 infection has been demonstrated in EMPF cases to induce a milieu of Th2 cytokines resulting in extensive fibrosis, similar to the pathology caused by EBV in human idiopathic pulmonary fibrosis [23] . Interestingly, SGD is a Th1-mediated disease, but EHV-2, another gammaherpesvirus, was proved to induce this type of exaggerated immune response in a dermatologic case [13] . Further, another gammaherpesvirus, asinine herpesvirus 5 (AHV-5), caused pyogranulomatous pneumonia in a mare [24] . Multinucleated giant cells and macrophages are also characteristic findings in EMPF histopathology [3, 23] . In human pulmonary sarcoidosis, pathologic changes can range from predominantly granulomatous inflammation with minimal chronic changes through to extensive fibrosis with few granulomas. It is likely that acute granulomatous and chronic fibrotic pulmonary sarcoidosis represent separate immunopathogenic processes [8] . Gammaherpesviruses might induce different immune responses depending on the viral life cycle and immunogenetic background of the host.
Bronchoalveolar lavage fluid of humans with pulmonary sarcoidosis reveals increased cellularity with lymphocytes and macrophages. Macrophages and neutrophils together with scant multinucleated giant cells and lymphocytes were detected in an equine case of granulomatous pneumonia caused by AHV-5 [24] . Increased numbers of polymorphonuclear cells are found in the BAL fluid of human patients with sarcoidosis when there is radiological evidence of established fibrosis, and the degree of neutrophil alveolitis correlates with severity [8] . Neutrophilia and hemosiderophagia in the pulmonary fluid are typical findings in EMPF with fibrosis and lung tissue destruction [23] . There is no previous description of BAL cytology in equine SGD. Cytology results of this case resembled EMPF rather than human or equine pulmonary granulomatous disorders, although secondary fibrosis does also ensue in the latter cases. The radiographic and ultrasonographic findings were more characteristic of mild to moderate pulmonary fibrosis.
Septic bronchitis caused by S. zooepidemicus is a typical secondary bacterial invasion of the lower airways. General immunosuppression caused by SGD or herpesvirus infection could have been the underlying disorder resulting in this alteration. Airway inflammation because of various etiologies commonly alters ciliary clearance mechanisms, mucus quality, and cellular protective mechanisms, which results in bacteria of the pharyngeal cavity reaching the lower airways.
Similar to most previously described cases, the etiologic agent was not clearly identified in our case [5, 6, 25] . We cannot exclude the role of EHV-5 in inducing generalized granulomatosis in this particular case. Gammaherpesvirus AHV-5 has been implicated in both granulomatous pneumonia and EMPF [24, 26] . Unfortunately, EHV-5 PCR was not performed on histologic slides, but there were no intranuclear inclusion bodies in macrophages or giant cells. Electron microscopic examination did not demonstrate any intracellular causative agent. In herpesvirus infections, studies have demonstrated a potential "hit and run" effect.
In vitro experiments have revealed that viral DNA does not persist long in the infected cell, and viral proteins, although transiently expressed, cannot be detected [25] . Previous studies have repeatedly failed to find evidence of EHV-1, EHV-2, or mycobacteria in infected tissues, but this does not preclude these as potential etiological agents in cases of SGD in particular [5, 25] .
Similar findings of systemic granulomatosis are caused by hairy vetch (Vicia villosa) toxicosis in horses and other species [21] . Although hairy vetch is grown in Hungary, it is not generally used in horse forage and this particular horse had not been in contact with the plant. All staining techniques applied for fungi, bacteria, and mycobacteria proved to be negative. On the basis of the findings of this and previous cases, we hypothesize that SGD is most likely induced by multiple conventional antigens that are not cleared from affected tissues.
Systemic granulomatous disease should be considered as a differential diagnosis in horses with chronic weight loss even if typical dermal lesions are absent. This case description also represents the fact that even fitting clinical signs, results of further diagnostic imaging and laboratory examinations and a positive EHV-5 PCR from BAL do not lead to the final diagnosis of EMPF.
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